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Abstract
We find the absorption probability of dilaton field in type 0B string theory.
Since the background solutions are of the form AdS5 × S5 on both regions,
we use the semiclassical formalism adopted in type IIB theory to find the
absorption cross section. The background tachyon field solution was used
as a reference to relate the solutions of the two regions. We also consider
the possible corrections to absorption probability and the ln(ln z) form of the
correction is expected as in the calculation of the confinement solution.
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I. INTRODUCTION
Maldecena’s conjecture that N = 4 super Yang-Mills theory is dual to type IIB super-
gravity has opened a new horizon to the study of large N QCD [1]. Another possibility
to apply this technique to non supersymmetric gauge theories was proposed by Polyakov
[2]. He suggested that one can study non-SUSY gauge theories using branes in the con-
text of type 0 string theories. The type 0 string theories are defined on the world sheet of
type II by performing a non-chiral GSO projection [3]. As a consequence type 0 theories
have world sheet supersymmetry but no space-time supersymmetry. The resulting sectors
of the theories are, in the notation of [4], (NS−, NS−), (NS+, NS+) and a doubled set of
Ramond-Ramond fields. If the doubled R-R is (R+, R−), (R−, R+), the theory is type 0A
and if (R+, R+), (R−, R−), the theory is 0B. These non-SUSY string theories are also part
of the web of dualities and can be described as limits of M-theory. It is known that the type
0A corresponds to M-theory on S1/(−1)Fs · S, where S denotes a half-shift along the circle,
and type 0B corresponds to M-theory on T2/(−1)Fs · S, where S is along the circle of the
torus [5].
The low energy fields of the theory are tachyon, the bosonic field of type II and two
copies of R-R fields. Accordingly they have open string descendants which are crucial for
the D-brane construction. Following the idea of [2], Klebanov and Tseytlin [6] sought the
possibility that the tachyonic instability can be cured by the R-R fields. Using the near-
horizon threebrane geometry they constructed an SU(N) gauge theory with six adjoint
scalars and studied its behavior in the point of AdS/CFT correspondence. The tachyon
indeed condensed with its effective mass squared being shifted to a positive value. The
analysis showed that the tachyon is constant at large radial distance and the geometry is of
the form AdS5× S5 with vanishing coupling, which can be interpreted as a UV fixed point.
The condensation breaks the conformal invariance which agrees with the fact that the dual
gauge theory is not conformal. The asymptotic solution for weak coupling was found by
Minahan [7] and revealed that the logarithmic flow as expected from the asymptotic freedom
of the dual gauge theory. Also the solution has the right sign of the β-function in agreement
with field theory and there exists another fixed point at infinite coupling(IR fixed point),
which is also characterized by AdS5 × S5 Einstein frame metric. It is argued that there
is an RG trajectory that extends from UV fixed point to the IR fixed point [8,9]. The
generic static solution to type 0 gravity equations of motions are confining in the IR and
have logarithmic scaling in the UV.
The construction of non-SUSY branes suggests many directions of research. And it
seems that many of the results which were obtained in type II brane configurations can be
copied in the type 0 case. Since the metric solutions are asymptotically AdS5 × S5 for both
regions, the study of scattering process can be one of the examples. Scattering amplitude or
absorption cross section involving the tachyon field cannot be addressed from the previous
work on type II theories [10,11]. However one can use the same technique as in type II
theories [12] to evaluate various scattering with D-branes in type 0 theories. The purpose
of this paper is to seek this possibility. Specifically, we will consider the semiclassical low
energy scattering of dilaton under the static background solution of type 0B string theory
and find the absorption cross section.
The organization of the paper is as follows. In Section II we review the type 0B theory and
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its background solutions of both regions and set up some preliminaries for our calculation.
In section III we find the leading absorption cross section in the low-frequency limit. We
use the background tachyon field as a reference to relate the solutions of both regions. In
Section IV we consider the higher order corrections to the absorption probability. Two kinds
of orrections are possible, one from the background metric and the other from the string
coupling through the tachyon field. Section V is devoted to conclusions.
II. TYPE 0B BACKGROUND SPACETIME
The type 0 model has a closed string tachyon, no fermions and a doubled set of R-R
fields, and thus a doubled set of D-branes [13]. With the doubling of R-R fields, the self-
dual constraint on the five-form field is relaxed and one can have D3 branes that are electric
instead of dyonic. We consider the low energy world volume action of N coincident electric
D3 branes. We start from the action for the type 0B theory [8]
S0 = − 1
2κ210
∫
d10x
√−g
[
R− 1
2
∇nΦ∇nΦ
− 1
4
(∇nT∇nT +m2e 12ΦT 2)− 1
4 · 5!f(T )Fn1...n5F
n1...n5 + · · ·
]
, (1)
where gmn is the Einstein-frame metric, m
2 = − 2
α′
, and the tachyon-R-R field coupling
function is
f(T ) = 1 + T +
1
2
T 2. (2)
The equations of motion from this effective action are
∇2Φ = 1
8
m2e
1
2
ΦT 2, (3)
Rmn − 1
2
gmnR =
1
4
∇mT∇nT − 1
8
gmn[(∇T )2 +m2e 12ΦT 2] + 1
2
∇mΦ∇nΦ
− 1
4
gmn(∇Φ)2 + 1
4 · 4!f(T )(FmklpqF
klpq
n −
1
10
gmnFsklpqF
sklpq), (4)
(−∇2 +m2e 12Φ)T + 1
2 · 5!f
′(T )FsklpqF
sklpq = 0, (5)
∇m[f(T )Fmnkpq] = 0. (6)
If one parametrize the 10-d Einstein-frame metric as in [6]
ds2E = e
1
2
ξ−5ηdρ2 + e−
1
2
ξ(−dt2 + dxidxi) + e 12 ξ−ηdΩ25, (7)
where ρ is the radial direction transverse to the 3-brane (i = 1, 2, 3), then the radial effective
action corresponding to (3) – (6) becomes
3
S =
∫
dρ
[
1
2
Φ˙2 +
1
2
ξ˙2 − 5η˙2 + 1
4
T˙ 2 − V (Φ, ξ, η, T )
]
, (8)
V =
1
2α′
T 2e
1
2
Φ+ 1
2
ξ−5η + 20e−4η −Q2f−1(T )e−2ξ. (9)
Here the constant Q is the R-R charge and dot means the derivative with respect to ρ. The
resulting set of variational equations,
Φ¨ +
1
4α′
T 2e
1
2
Φ+ 1
2
ξ−5η = 0, (10)
ξ¨ +
1
4α′
T 2e
1
2
Φ+ 1
2
ξ−5η + 2Q2f−1(T )e−2ξ = 0, (11)
η¨ + 8e−4η +
1
4α′
T 2e
1
2
Φ+ 1
2
ξ−5η = 0, (12)
T¨ +
2
α′
Te
1
2
Φ+ 1
2
ξ−5η + 2Q2
f ′(T )
f 2(T )
e−2ξ = 0, (13)
should be supplemented by the ‘zero-energy’ constraint
1
2
Φ˙2 +
1
2
ξ˙2 − 5η˙2 + 1
4
T˙ 2 + V (Φ, ξ, η, T ) = 0, (14)
which can be used instead of one of the second-order equations.
In the Einstein frame the dilaton decouples from the R-R terms (|F5|2) and the tachyon
mass term plays the role of the source term. It is easy to analyze the case where the |F5|2 is
large in (5). Assuming that the tachyon is localized near the extremum of f(T ), i.e. T = −1,
the asymptotic solution in the UV(ρ ≡ e−y ≪ 1, y ≫ 1) region is given by [7,8]
T¯ = −1 + 8
y
+
4
y2
(39 ln y − 20) +O( ln
2 y
y3
), (15)
Φ¯ = ln(215Q−1)− 2 ln y + 39
y
ln y +O(
ln y
y2
), (16)
ξ¯ = ln(2Q)− y + 1
y
+
1
2y2
(39 ln y − 104) +O( ln
2 y
y3
), (17)
η¯ = ln 2− 1
2
y +
1
y
+
1
2y2
(39 ln y − 38) +O( ln
2 y
y3
). (18)
The 10-d Einstein frame metric can be written as
4
ds2E = R
2
0
[
(1− 9
2y
− 351
4y2
ln y + · · ·)(1
4
dy)2
+ (1− 1
2y
− 39
4y2
ln y + · · ·) e
1
2
y
2R40
dxµdxµ + (1− 1
2y
− 39
4y2
ln y + · · ·)dΩ25
]
, (19)
where
R20 = 2
−1/2Q1/2.
Note that with y = 4 lnu, one can show that the metric is of the form of AdS5 × S5 at the
leading order,
ds2E = R
2
0(
du2
u2
+
u2
2R40
dxµdxµ + dΩ25). (20)
The corrections cause the effective radius of AdS5 to become smaller than that of S
5. One
can find the asymptotic freedom from the large u behavior of the leading effective gravity
solution. It is an important question whether it survives the full string theoretic treatment.
It has been argued [8] that the solution does survive due to the special structure related
to the approximate conformal invariance. The crucial fact is that the Einstein metric is
asymptotic to AdS5×S5. This geometry is conformal to flat space, so that the Weyl tensor
vanishes in the large u limit. Furthermore, both Φ and T vary slowly for large u.
One interesting feature of the tachyon RG trajectory is that T starts increasing from its
critical value T = −1 from condition f ′(T ) = 0. The precise form of the trajectory for finite
ρ is not known analytically, but the qualitative feature of the RG equation was analyzed
by Klebanov and Tseytlin [8,14]. Since Φ, ξ and η have negative second derivatives (see
equations (10) –(12)), each of these fields may reach a maximum at some value of ρ. If,
for Φ, this happens at finite ρ, then the coupling decreases far in the infrared. As a result,
a different possibility can be realized: Φ˙ is positive for all ρ, asymptotically vanishing as
ρ → ∞. They constructed the asymptotic form of such trajectory. The point is that, as
ρ → ∞, T approaches zero so that, as in the UV region, T 2e 12Φ becomes small. For this
reason the limiting Einstein-frame metric is again AdS5 × S5. Thus, the theory flows to a
conformally invariant point at infinite coupling. The explicit form of the asymptotic large ρ
solution (IR solution) is
T¯ = −16
y
− 8
y2
(9 ln y − 3) +O( ln
2 y
y3
), (21)
Φ¯ = −1
2
ln(2Q2) + 2 ln y − 9
y
ln y +O(
ln y
y2
), (22)
ξ¯ =
1
2
ln(2Q2) + y +
9
y
+
9
2y2
(9 ln y − 20
9
) +O(
ln2 y
y3
), (23)
η¯ = ln 2 +
1
2
y +
1
y
+
1
2y2
(9 ln y − 2) +O( ln
2 y
y3
), (24)
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where y is related to ρ by ρ ≡ ey(≫ 1, y ≫ 1). The 10-d Einstein frame metric in the IR
region can be written as
ds2E= R
2
∞
[
(1− 1
2y
− 9
4y2
ln y + · · ·)(1
4
dy)2
+(1− 9
2y
− 81
4y2
ln y + · · ·)e
− 1
2
y
2R4∞
dxµdxµ + (1 +
7
2y
+
63
4y2
ln y + · · ·)dΩ25
]
, (25)
where
R2∞ = 2
−3/4Q1/2.
The metric starts again as AdS5 × S5 (y = −4 lnu) at y = ∞ and becomes a negative
curvature 10-d space at smaller y (bigger u). As in the large u region, the corrections cause
the effective radius of AdS5 to become smaller than that of S
5.
The structure of the asymptotic UV and IR solutions is similar, suggesting that they
can be smoothly connected into the full interpolating solution. For example, the tachyon
starts at T = −1 at ρ = 0, and grows according to (15), then enters an oscillating regime
and finally relaxes to zero according to (21). Note that the coordinates corresponding to
the two regions are related by y → −y.
III. SEMICLASSICAL ABSORPTION OF DILATON
If we consider the solution found in section II as a static background solution, one can
think the low energy scattering of string fields. Since the metric solutions are asymptotically
AdS5 × S5 in both regions, we can use the semiclassical formalism of type II theories [12].
For simplicity of calculation we will consider scattering of low energy dilaton field in the type
0B string backgrounds. To study the scattering problem, we introduce the time-dependent
perturbed field of dilaton
Φ = Φ¯(y) + φ(y, t). (26)
We look for the solutions to the equation of motion for a mode of frequency ω of the dilaton
φ(y, t) = φ(y)eiωt. Then the linearized equation of motion governing the perturbation of the
dilaton is
1√−g∂y
(√−ggyy∂yφ(y)
)
− ω2gttφ(y) + 1
8α′
e
Φ¯
2 T¯ 2φ(y) = 0. (27)
We will consider the solution in the UV region first. To find the leading order solution in
the UV region, we insert the background metric (19) in the limit y →∞, which is AdS5×S5,
into the equation
16
d2φ
dy2
+ 16
dφ
dy
+ 2ω2R40e
− 1
2
yφ+
R20
8α′
e
Φ¯
2 T¯ 2φ = 0, (28)
where the background values of T¯ and Φ¯ are given by (15) and (16). This equation becomes
in terms of u = exp(y/4)
6
d2φ
du2
+ 5
dφ
du
+
2ω2R40
u2
φ+
R20
8α′
e
Φ¯
2 T¯ 2φ = 0. (29)
We introduce new dimensionless variable
z ≡
√
2ωR20
u
=
√
2ωR20e
− y
4 (30)
and putting φ = ψ(z)/u2, we have
z2
d2ψ
dz2
+ z
dψ
dz
+ (z2 − 4)ψ + R
2
0
8α′
e
Φ¯
2 T¯ 2ψ = 0. (31)
In the UV region where the string coupling is weak, the last term is negligible and the
leading order solution is
ψ(z) = H
(2)
2 (z), (32)
φ(z) =
(
z√
2ωR20
)2
H
(2)
2 (z), (33)
where we choose the solution pure infalling at the horizon.
Now we consider the solution in the IR region. Inserting the background metric (25) in
the limit y →∞ into the equation, we have
16
d2φ
dy2
− 16dφ
dy
+ 2ω2R4∞e
1
2
yφ+
R2∞
8α′
e
Φ¯
2 T¯ 2φ = 0. (34)
Here the background values of T¯ and Φ¯ are given by the solutions in the IR region (21) and
(22). Introducing new variable in the IR region as v = exp(y/4), the equation becomes
d2φ
dv2
− 3dφ
dv
+
2ω2R4∞
v2
φ+
R2∞
8α′
e
Φ¯
2 T¯ 2φ = 0. (35)
Note that u and v are related by inverse because y’s in the UV and IR regions are related
by y → −y. In terms of new dimensionless variable
σ ≡
√
2ωR2∞v =
√
2ωR2∞e
y
4 (36)
and with φ = v2f(σ), we have
σ2
d2f
dσ2
+ σ
df
dσ
+ (σ2 − 4)f + R
2
∞
8α′
e
Φ¯
2 T¯ 2f = 0. (37)
In the IR region, we can also neglect the last term since T¯ → 0 in the leading order and the
solution is given by the Bessel functions
f(σ) = αJ2(σ) + βJ−2(σ), (38)
where the first term corresponds to the normalizable mode and the second to nonnormaliz-
able mode. We choose β = 0 for the solution to be finite as σ →∞, then
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φ(σ) = α
(
σ√
2ωR2∞
)2
J2(σ). (39)
To relate the solution in the UV region and IR region, we adopt the matching scheme
similar to the cases of D3-brane and M5-branes [10] and D1-D5 brane system [11]. For both
cases the equation of motion for the minimal scalar has a self-dual point defined by the
radius of the effective anti-de Sitter space. In our case we have to be careful in choosing
the matching point because the effective radii of the anti-de Sitter space for both regions
are different because of the tachyon coupling. However, the tachyonic coupling is always
combined with the background dilaton Φ¯, i.e. the coupling is of the form of eΦ¯/2T¯ 2. And
it seems that the functional behavior of the coupling terms for both UV and IR region are
the same. To see this, we calculate the coupling terms up O(1/y). Substituting the UV
background solution (15) and (16) into the coupling term, we have
R20e
Φ¯
2 T¯ 2 = 2−
1
2Q
1
2 · 2 152 Q− 12 1
y
· 12 = 2
7
y
. (40)
Similarly, from (21) and (22), we have
R2∞e
Φ¯
2 T¯ 2 = 2−
3
4Q
1
2 · 2− 14Q− 12 y · 16
y
2
=
27
y
. (41)
Up to the order of O(1/y), the functional form of the perturbed terms are the same. And this
may be true for higher orders too. This implies that the functional forms of the correction
will be the same. Thus if we extend the UV solution toward the IR region and IR solution
toward the UV region, they can be matched at some point of y. But we don’t know the
exact position of y. So we choose the matching point from the point where the background
tachyon fields have the same values at the leading order. Equating (15) and (21) in the
leading order, −1 + 8/y = −16/y, we have y = 24 as the matching point. In terms ρ, this
corresponds that we match the asymptotic solution of the UV region, which is valid for very
small ρ, at ρ = e−24 and that of the IR region, valid for very large ρ, at ρ = e24. Matching
the amplitude of φ at the leading order
(
z√
2ωR20
)2
H
(2)
2 (z)
∣∣∣∣
z=
√
2ωR2
0
e−6
= α
(
σ√
2ωR2∞
)2
J2(σ)
∣∣∣∣
σ=
√
2ωR2
∞
e−6
, (42)
one finds the relative coefficient relating the solutions of two regions.
α =
8i
pi
e24
ω4R40R
4
∞
∝ 1
ω4Q2
. (43)
The asymptotic form of the infalling wave function in the UV region is
φ(z) =
(
z√
2ωR20
)2
H
(2)
2 (z) ≃
1
(
√
2ωR20)
2
√
2
pi
z
3
2 exp{−i(z − 3
4
pi)}. (44)
From this the invariant flux, defined by
Fρ→0 =
1
2i
(φ∗
√−ggyy∂yφ− φ
√−ggyy∂yφ∗)
∣∣∣∣
y=∞
, (45)
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is given by
Fρ→0 =
1
2pi
. (46)
Since the ingoing part of the wavefunction in the IR region is
φ(σ) = α
(
σ√
2ωR2∞
)2
J2(σ) ≃ 1
(
√
2ωR2∞)
2
√
1
2pi
σ
3
2 exp{i(σ − 3
4
pi)}, (47)
the ingoing flux at infinity is given by
Fρ→∞ =
|α|2
8pi
=
8e48
pi3ω8R80R
8
∞
. (48)
The absorption probability is given by the ratio of the flux in the UV region to the ingoing
flux in the IR region and we find
P =
Fρ→0
Fρ→∞
=
pi2ω8R80R
8
∞
16e48
∝ ω8Q4. (49)
The s-wave absorption cross-section is given by [12]
σsabs =
(2pi)d−1
ωd−1Ωd−1
P
∣∣∣∣
d=6
=
pi4
e48
R80R
8
∞ω
3 ∝ ω3Q4. (50)
Note that the cross section has an ω3 dependence, similar to the type II case. If one chooses
different position of y as the matching point, the numerical coefficient can be changed but
the ω and Q dependence will be the same.
IV. HIGHER ORDER CORRECTIONS
In this section we will consider the effect of higher order corrections of the dilaton ab-
sorption cross-section. The dominant corrections to absorption cross-section arise from the
matching about the point where the tachyon field have the same value. In the case of
D3-brane and M5-brane of type IIB theory the correction to the minimally coupled scalar
equation is done by considering the higher order terms of the background metric. However,
in our case where the dilaton is coupled to the tachyon through the string coupling α′, we
have to consider the correction by this coupling term too. For simplicity of the calculation
we consider only the leading terms and subleading corrections will be straightforward.
In the UV region, inserting
√−g = R
2
0e
y
16
(1− 9
2y
+ · · ·), gyy = 16
R20
(1 +
9
2y
+ · · ·), gtt = −2R20e−
1
2
y(1 +
1
2y
+ · · ·)
and
T¯ 2 = 1− 16
y
+ · · · , e Φ¯2 = 2
7
R20
(
1
y
+ · · ·)
9
into (27), we have
16
d2φ
dy2
+ 16
dφ
dy
+ 2ω2R40e
− 1
2
y(1 +
1
2y
+ . . .)φ+
16
α′
(
1
y
+ · · ·)φ = 0. (51)
Substituting y = 4 lnu and φ = ψ/u2, this can be written as
d2ψ
du2
+
dψ
du
+ (
2ω2R40
u2
− 4)ψ =
{
2ω2R20
u2
(
4
y
+ · · ·)− 16
α′
(
1
y
+ · · ·)
}
ψ. (52)
With the dimensionless variable defined earlier z =
√
2ωR2
0
u
=
√
2ωR20e
− y
4 , we get
z2
d2ψ
dz2
+ z
dψ
dz
+ (z2 − 4)ψ =
{
z2
ln
√
2ωR2
0
z
(1 + · · ·)− 4
α′
1
ln(
√
2ωR2
0
z
)
(1 + · · ·)
}
ψ. (53)
In the low energy scattering case the terms on the right hand side act as small perturbations.
The first term on the right hand side is due to metric correction while the second is from
the tachyon coupling. We look for the perturbative solution of the form [10,11,15]
ψ(z) = ψ0(z) + ψ1(z) + · · · , (54)
where the zeroth order solution is
ψ0(z) = H
(2)
2 (z). (55)
ψ1 satisfies the inhomogeneous equation
z2
d2ψ1
dz2
+ z
dψ1
dz
+ (z2 − 4)ψ1 =
{
z2
ln
√
2ωR2
0
z
(1 + · · ·)− 4
α′
1
ln
√
2ωR2
0
z
(1 + · · ·)
}
ψ0. (56)
The solution to this equation is
ψ1(z) =
pi
2
∫ z
dx
1
x
( −x2
ln
√
2ωR2
0
x
+
4
α′
1
ln
√
2ωR2
0
x
)
H
(2)
2 (x){J2(x)Y2(z)− J2(z)Y2(x)}. (57)
Substituting the series form of Bessel functions, and retaining the terms necessary for given
order, one can find the correction in series form.
We repeat the same procedure in the IR region to find the higher order solution of the
form
f(σ) = f0(σ) + f1(σ) + · · · , (58)
where f0(σ) is the zeroth order solution given by f0(σ) = αJ2(σ). The inhomogeneous
equation which f1 should satisfy is
σ2
d2f1
dσ2
+ σ
df1
dσ
+ (σ2 − 4)f1 = −
{
σ2
ln σ√
2ωR2
∞
(1 + · · ·) + 4
α′
1
ln σ√
2ωR2
∞
(1 + · · ·)
}
f0, (59)
and the solution is
10
f1(σ) = α
pi
2
∫ σ
dx
1
x
{
x2
ln x√
2ωR2
∞
(1 + · · ·) + 4
α′
1
ln x√
2ωR2
0
(1 + · · ·)
}
J2(x){J2(x)Y2(σ)− J2(σ)Y2(x)}.
(60)
Matching the two solutions at the matching point(
z√
2ωR20
)2
(ψ0(z) + ψ1(z))
∣∣∣∣
z=
√
2ωR2
0
e−6
= α
(
σ√
2ωR2∞
)2
f0(σ) + f1(σ)
∣∣∣∣
σ=
√
2ωR2
∞
e−6
, (61)
one can find the correction of the relative coefficient α.
If we substitute the series expansion of Bessel functions, it is expected the that the
leading correction is of the form ln(ln z) from the integral structure∫ z dx
x
xn
ln x
= zn ln(ln z) + · · · .
However, if we retain only the leading terms of the the series expansion of Bessel functions
J2(x) =
x2
8
, Y2(x) = − 4
pix2
, H
(2)
2 (x) =
4i
piz2
, (62)
the correction terms from this type cancels out. The correction of the relative coefficient α
is from the subleading terms i.e. next order terms of Bessel functions and · · · of (57) and
(60). This is a good consistency check for the background solutions.
V. DISCUSSION
We considered the low energy scattering of dilaton field in the type 0B theory. Using the
fact that the asymptotic structure of the background solutions on both regions is AdS5×S5,
we calculated semiclassically the absorption probability. Since the tachyonic coupling term
is small on both regions, the calculation is similar to the case of minimally coupled scalar
of type II theory. A crucial role in our formalism was played by the background tachyon
field. We used it as a reference to find the matching point. We also considered the possible
corrections of absorption probability and the ln(ln z) form of the correction [7,8] is expected
as in the calculation of the confinement solution.
In the present paper, we perturbed only the dilaton field from the background for sim-
plicity of calculation. The right way to analyze the scattering is to perturb all fields in the
theory and solve the full coupled equations, which seems very difficult to solve. We con-
sidered the low energy world volume action of N coincident electric D3 branes. We expect
that the same formalism can be applied to self-dual 3-branes [14] because the asymptotic
structure of the background also has AdS5 × S5 structure. Though we considered only the
case of d = 10 critical case, it seems interesting to study the case of non critical type 0
theory in lower dimensions [16].
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